Background: Continuous renal replacement therapy (CRRT) and other extracorporeal therapies for acute kidney injury (AKI) and other organ dysfunction syndromes in critically ill patients are common in the intensive care unit (ICU). Many studies have focused on clinical practice for managing these conditions. However, there are few studies that describe the utilization of extracorporeal therapies, especially CRRT, in patients with sepsis-associated AKI. Summary: Two hundred ICU physicians were included in a survey from February 28, 2017, to March 20, 2017, on the current status of septic AKI and clinical practice in CRRT. According to the responses, 40% of sepsis patients in the ICU had AKI, and 25% required extracorporeal therapies. However, 29% of candidates gave up therapy for medical or nonmedical reasons. Overall survival for sepsis was 60%; among survivors, 80% were dialysis free at discharge. CRRT was the most common modality of extracorporeal therapy in the ICU, and 82% of physicians chose convection as the major clearance mode. The survey showed 30% of physicians saw the removal of inflammatory mediators as the major objective of extracorporeal therapies; however, only 18.5% of physicians considered inflammation as a measure to trigger CRRT. The median treatment duration of CRRT in China was 12 h per day for 5 days. Key Messages: There were some similarities and differences in CRRT practice for septic AKI patients in China and globally. The differences reveal some insights into improving the outcomes of these patients.
40% of sepsis patients in the ICU had AKI, and 25% required extracorporeal therapies. However, 29% of candidates gave up therapy for medical or nonmedical reasons. Overall survival for sepsis was 60%; among survivors, 80% were dialysis free at discharge. CRRT was the most common modality of extracorporeal therapy in the ICU, and 82% of physicians chose convection as the major clearance mode. The survey showed 30% of physicians saw the removal of inflammatory mediators as the major objective of extracorporeal therapies; however, only 18.5% of physicians considered inflammation as a measure to trigger CRRT. The median treatment duration of CRRT in China was 12 h per day for 5 days. Key Messages: There were some similarities and differences in CRRT practice for septic AKI patients in China and globally. The differences reveal some insights into improving the outcomes of these patients.
Introduction
Sepsis is the most common cause of death in noncoronary intensive care units (ICUs) [1] . The mortality of ICU patients with severe sepsis and septic shock (definition of Sepsis 1.0) is 40.4%, compared with 6% in patients without sepsis [2] . Meanwhile, growing attention is being paid to acute kidney injury (AKI) because of its increasing incidence and adverse impact on patient outcomes, as well as its health cost burden [3] . Sepsis is the leading cause of AKI; thus, between 45 and 70% of all AKI is considered to be associated with sepsis, with a high mortality rate of up to 70.2% among these patients [4] . Although mortality has decreased to some extent in recent years because of advances in technology, it is still high, ranging from 28 to 51.4% [5] [6] [7] . This indicates that our ability to prevent and treat septic AKI is restricted as a result of limited understanding of its pathophysiology [3] .
It is widely accepted that hypercytokinemia plays a pivotal role in the pathophysiology of sepsis [8] . Extracorporeal therapies have been proposed as a therapeutic tool against sepsis that functions through the removal of cytokines [8] . However, it remains controversial. Application of extracorporeal therapies in China has been influenced by not only the patient's clinical condition but also the clinician's knowledge and experience.
The aim of the survey was to understand the current perception and clinical practice of extracorporeal therapies, particularly continuous renal replacement therapy (CRRT), in septic AKI patients among ICU physicians in China.
Methods

Description of the Survey and Respondents
The survey was conducted on the Ding Xiang Yuan platform; this is the largest online community for physicians and health-care professionals in China, with more than 5.5 million members [9] . The questionnaire was distributed to 200 ICU physicians between February 28, 2017, and March 20, 2017 , and focused on the clinical practice of extracorporeal therapies in sepsis patients.
One of the strict requirements of the survey was the inclusion of only one physician from each department of a particular hospital. The survey data were analyzed based on the assumption that responses from a physician practicing in a specific department of a given hospital would be representative of all the physicians in that department with regard to extracorporeal therapies. In turn, this assumption was predicated upon the observation that most institutions employ therapy protocols that largely standardize local clinical practice.
The Chinese physicians participating in the survey were chosen with the goal of achieving equal distributions with respect to job title (Vice/Chief, Attending, and Resident), hospital type (Class 2 and 3), and city size (Tier 1, 2, and 3) . Definition of city size [10] : Tier 1: 4 largest cities in China (Beijing, Shanghai, Guangzhou, and Shenzhen); Tier 2: large provincial capitals and coastal cities, such as Xiamen, Chongqing, Chengdu, and Wuhan; Tier 3: provincial cities of medium size, such as Xuzhou, Handan, and Yantai. Definition of hospital ranking [11] : Class 2: typically found in cities of medium size and have between 100 and 500 beds -in addition to providing health care, they are usually also engaged in medical education and research on a regional basis; Class 3: large institutions (more than 500 beds) that provide both general and specialist care from a large referral base, while also actively supporting medical education and research.
The study was conducted using an online questionnaire, it accessed via email, SMS, and WeChat. Invitations to participate in the study were sent randomly to 2,142 physicians; 488 physicians who were interested in participating were apprised further of the study through an email link. The link provided the opportunity to confirm their agreement to continue with and complete the questionnaire. The respondents were enrolled sequentially in the survey on a "first come, first served" basis, with the primary criteria being the distribution of city size, hospital rank, subspecialty, and job title, as described above.
The responders in the study agreed to the survey responses being analyzed and published. No patient-specific data were provided at any point during the study. Approval was obtained from the independent Ethics Committee of the Shanghai Clinical Research Center (No. 2017-15-01).
Description of the Questionnaire
The questionnaire included 3 parts: (1) information about the respondent's working facilities and experience in CRRT, as well as the number of new sepsis patients per month in their department; (2) current status of septic AKI and its treatment with extracorporeal therapy; and (3) prescription for CRRT, which included therapy purpose, indication, vascular access, modality, dosage, and anticoagulation methods.
Statistical Analyses
Data were expressed as mean ± SD for continuous normally distributed variables, median (interquartile range [IQR]) for continuous nonnormally distributed variables, and frequency (percentage) for categorical variables. Differences between groups, such as in city tier or hospital rank, were assessed using the t test for continuous normally distributed variables, the Wilcoxon test for nonnormally distributed variables, and χ 2 tests for categorical variables. Statistical analyses were performed using the SPSS 25 software (IBM).
Results
Characteristics of Survey Respondents and CRRT Infrastructure
The distribution of the characteristics of the 200 ICU physicians matched the expected distribution of city size, hospital rank, subspecialty, and job title (Table 1) . Most respondents (51.5%) were attending physicians, with an average of 5 years' experience in managing extracorpo-real therapy. Physicians practicing at 200 hospitals in China participated in the survey, reflecting a broad spectrum of viewpoints.
Snapshot of Sepsis and AKI
The survey revealed a median of 16 beds, 2 CRRT monitors, and 8 new sepsis patients per month in each ICU (Table 1) . Thus, we can estimate a total of 160 sepsis patients per month in the survey.
It is estimated by respondents that 40% (IQR, 30, 70%) of sepsis patients progressed to septic shock in the ICU. Pneumonia was the most common infection, accounting for 60% (IQR, 49, 80%) of sepsis patients, followed by abdominal and urinary system infections at 20% (IQR, 10, 30%) and 10% (IQR, 5, 20%), respectively. Almost all ICUs measure C-reactive protein (100%) and procalcitonin (98%) levels as a diagnostic indication of sepsis, with less than half of physicians choosing inflammatory mediators (35%) or endotoxin (34%) levels. Higher ranking hospitals valued inflammatory mediators more than lower ranking hospitals for sepsis patients (42% in Class 3 vs. 20% in Class 2, p = 0.003).
Approximately 40% (IQR, 20, 60%) of sepsis patients also had AKI, while 25% (IQR, 10, 50%) of sepsis patients required extracorporeal therapy in the ICU. Among patients who needed extracorporeal therapy, most discontinued this due to "high treatment cost," followed by "old age" and "critical disease condition without hope," according to this survey.
Treatment Modality for Septic AKI
CRRT is the most adopted modality for sepsis patients requiring extracorporeal therapy in China (99%), followed by plasma exchange (37%) and intermittent hemodialysis (25%). Moreover, senior physicians were more inclined to use CRRT (Vice/Chief: 95%, Attending: 90%, Resident: 80%, p = 0.008) over other techniques. However, the use of CRRT was not related to city tier (Tier 1: 90%, Tier 2: 95%, Tier 3: 90%, p = 0.722) or hospital rank (Class 2: 96.5%, Class 3: 90%, p = 0.49).
Main Purpose and Trigger for CRRT Initiation
The 2 main purposes of CRRT are renal replacement and the removal of inflammatory mediators in 60% (IQR, 40, 80%) and 30% (IQR, 20, 50%) of sepsis patients who required extracorporeal therapy, respectively. However, only 18.5% of physicians considered the degree of inflammation as the most important trigger for CRRT (Fig. 1) . While renal replacement was the main objective of CRRT for 60% of respondents, as mentioned above, renal replacement was the main trigger for CRRT in sepsis patients for 73% of respondents, which included urine volume and fluid status (42%), urea nitrogen and creatinine (29.5%), and electrolytes (1.5%). Approximately 35% of sepsis patients could receive RRT within 6 h of being diagnosed, and more than 60% of sepsis patients could receive RRT treatment within 12 h of being diagnosed. Prescription of CRRT The femoral vein was the dominant vascular access site chosen by respondents (81%), followed by the internal jugular vein (18%). Of the physicians surveyed, 63 and 19% chose continuous venovenous hemofiltration and continuous venovenous hemodiafiltration as the modality of CRRT, respectively, which means that convection was chosen by 82% of respondents. Approximately 74% of physicians reported prescribing a CRRT dose in the range of 20-30 mL/kg/h, while 20% preferred 30-45 mL/kg/h, with 1% choosing a very high prescribing dose of more than 45 mL/kg/h. The CRRT treatment duration per patient was 5 (3, 7) days and 12 (8, 24) hours per day. However, physicians who preferred a high dose of more than 30 mL/kg/h went for a shorter treatment duration per day (8 h) than those who preferred prescribing a dose of < 30 mL/kg/h (12 h). Sepsis patients for whom renal replacement was the aim received a longer treatment duration than those for whom removal of inflammatory mediators was the aim (7 vs. 5 days, p < 0.0001). Unfractionated heparin (35%), lowmolecular-weight heparin (34%), and citrate (29%) were most commonly used during CRRT for anticoagulation.
Outcomes of Septic AKI
Median survival of septic AKI patients was 60% (IQR, 40, 80%); 80% (IQR, 70, 95%) of survivors had full or partial renal recovery. A higher hospital rank was linked to greater survival (65% in Class 3 hospitals vs. 50% in Class 2 hospitals). However, there were no differences in renal recovery among different city tiers and hospital ranks. Initiation time of RRT was considered the most important factor for both mortality and renal recovery, regardless of city tier and hospital rank, as well as job title, CRRT experience, and sepsis management experience.
Challenges and Actions to Improve Outcomes
The ability of the patient to pay was most widely considered as the main challenge in CRRT for septic AKI patients. Apart from this, absence of a therapeutic effect index and definite initiation time were 2 other significant challenges considered by more than half of the participating physicians -58 and 52%, respectively -regardless of city tier, hospital rank, job title, CRRT experience, and sepsis management experience. Half of the participant hospitals have no outpatient follow-ups after patients recover and are discharged from the ICU/hospital.
In total, 90% of ICU physicians thought that standardized treatment was the most important measure to improve sepsis outcomes. Qualification assessment was considered as the second most important measure, as selected by 69% of participant physicians. Approximately 34% of physicians believed that improved filter performance via new technologies could further improve outcomes.
Discussion and Conclusion
While studies assessing RRT practices with AKI in China have been previously published, this is the first survey focused on septic AKI population and it's extracorporeal therapy, as the surveyed physicians represented a broad spectrum with regard to seniority, hospital ranking, and city size, we believe that the survey is generally representative of extracorporeal therapy practices in Chinese ICUs as a whole.
In the survey, the epidemiology of septic AKI was similar to that in China and in other countries: 40% of sepsis patients had AKI, a similar proportion to those in previ- ous multicenter studies conducted in ICUs (range 39.4-53.2%) [5, [12] [13] [14] . Infection sites that caused sepsis were also similar to those observed in a previous study [6] , this is the only single-center study, which indicated that 23.3% of septic AKI patients required extracorporeal therapy, our survey is the first on a much larger scale to estimate this proportion at 25% in Chinese ICUs. Overall survival of septic AKI patients in ICUs was 60% in this survey, which is similar to the previous study in China reported by Wang et al. [5] . In addition, among surviving patients, 80% were independent of dialysis at discharge, a proportion that also closely resembles that in a previous study in China [15] . Furthermore, CRRT modality [16] , the main prescription dose of CRRT [17] , and overall treatment duration [18, 19] were all consistent with worldwide CRRT practices.
Compared with sustained low-efficiency dialysis, which is seldom used, CRRT was dominantly accepted by ICU physicians for septic AKI patients; this is mainly driven by patients in the ICU setting, in which intensivists independently manage their therapy. Other extracorporeal therapy techniques were also found to be common for sepsis patients, such as plasma exchange and hemoperfusion, similar to the recent international survey by Ronco et al. [20] ; these techniques have been increasingly used in recent years compared with previous studies [21] . This trend is present even if the current literature does not actually recommend the application of extracorporeal therapy in the clinical practice of sepsis management. Possibly, this is a field in which increased education should be delivered [21] .
However, there are other aspects of CRRT practice in China that lag behind the developed world to some extent. Thus, there may be some effective strategies to improve the outcomes of septic AKI patients according to this survey. First, an improved effective dose delivered on a daily basis could be attained through extending the treatment duration per day, as it always falls below international standards [17] because of relatively short treatment durations (only 12 h) per day, particularly for high prescription doses (> 30 mL/kg/h), which last for only 8 h per day, according to both previous [22] and current surveys. Second, heparin-based anticoagulation was the dominant anticoagulation method; the utilization of regional citrate anticoagulation was only 29% in China, much lower than in the developed world [23] ; this may increase the bleeding risk as citrate has a more favorable safety profile than heparin, as recommended by Kidney Disease Improving Global Outcomes [17] . The reason for the low utilization of citrate may be a lack of commercialized citrate fluid, with the only choice for Chinese physicians being compounded fluid, which not only increases the risk of infection but also adds work load to the CRRT operator. Third, there was already a degree of awareness that CRRT could remove inflammatory mediators in septic AKI patients, and 30% of CRRT users saw it as the major objective of CRRT treatment; however, only 19% of physicians perceived inflammation as a trigger for CRRT. The gap between the main purpose and trigger index is probably a result of physicians still being uncertain about the effect of removing inflammatory mediators, as well as not being sure of how to choose the right patients and initiation time based on the inflammatory mediator index. More effort should be made to educate physicians on how to identify the right patients. Fourth, ICU physicians in China prefer the femoral vein to the internal jugular vein as the dominant vascular access, in contrast to the Kidney Disease Improving Global Outcomes guidelines [17] . This may have arisen from some local Chinese guidelines from several years ago [24] , which suggested access via the femoral vein as the first choice as it is easier to access, similar safety profile, and has the same infection rate as the internal jugular vein. Fifth, this survey showed that half of the participating hospitals have no nephrology followup for septic AKI patients, which will certainly have a negative impact on prognosis as physicians cannot draw lessons from the past. Collaboration with nephrology departments may be an operational solution for ICU physicians to collect the follow-up information of septic AKI patients. Finally, a high proportion of septic AKI patients judged to be RRT candidates gave up extracorporeal therapy because of nonmedical reasons, such as the high treatment cost. Insurance policies vary considerably across the country at present [25] , resulting in the need for some patients and their families to make very difficult decisions about potentially life-saving medical technologies. Therefore, it is important to improve the insurance situation to reduce the barriers to CRRT utilization.
Although our study provided important insights into extracorporeal therapy, especially CRRT practice for septic AKI in China, it has some limitations. The data generated from the survey were relatively qualitative in nature and may not reflect Chinese clinical practice in all respects.
This survey demonstrated similarities in the current status of septic AKI and awareness of cytokine removal among ICU physicians in China and other countries. However, as a result of medical and nonmedical resource
